In a previously reported study of the occurrence of the macrophage reaction in the pulmonary lesions of dogs with experimental lobar pneumonia (1) it was found that this characteristic reaction of the fixed tissue cells of the lungs was not confined to any one stage of the disease. While it was present regularly at the time of recovery it was also found in some part of the lesion in the great majority of fatally terminating infections, provided the animals lived longer than 40 hours. With few exceptions the reaction became more pronounced and widespread with the increasing age of the pathological process and was accompanied by a progressive diminution in the number of pneumococci, whereas microorganisms persisted, usually in larger numbers, in those lesions or parts of a lesion where this cellular change failed to occur. In certain dogs dying after 4 or more days the consolidated lobes were found to be in a well advanced stage of resolution with an alveolar exudate consisting almost entirely of macrophages. The absence of visible pneumococci in such lesions suggested that the lung had largely or completely freed itself of the invaders. However the constant presence of a concomitant bacteremia or empyema at the time of death made it impossible to determine by culture whether or not pneumococci were still present in the apparently healing lesion.
Since the above observations we have been able to secure additional data on the occurrence of local recovery during the course of favorably progressing experimental pneumonia which have provided us with 597 much more definite information as to the importance of the r61e played by the macrophages in the disposal of the invading pneumococci. In order to be certain that the clearing of one part of the lesion as detected by x-ray represented an actual local recovery and not just the beginning of the general process of healing, we have selected for study only those instances in which resolution of one lobe lesion was occurring at the time a metastatic process was developing in another lobe. The determination of the cellular reaction, the distribution and numbers of pneumococci in such lesions together with the general humoral response offers a unique opportunity for the further elucidation of the nature of local recovery of the pneumonic lesion. The present study comprises such observations on six dogs killed during the active stage of the disease. Since the phenomenon of simultaneous clearing and spread of the pathologic process was detected in less than 5 per cent of animals infected with doses of pneumococci from which recovery usually eventuated, the six reported instances represent a selection from well over 100 dogs undergoing the experimental disease.
Materials and Methods
The dogs were infected with the Type I pneumococcus used in previous studies. Four of them received 0.02 cc. of culture in 1 cc. of starch, a dose which results in a mortality of about 7 per cent. The other two were given doses of 0.05 and 0.25 cc. respectively. The latter animal had had two previous attacks of the experimental disease and hence was able to resist a dose which is usually lethal in the normal animal. X-rays, white counts and blood cultures were made daily in most instances. The animals were sacrificed by means of the rapid intravenous injection of 500 to 600 nag. of nembutal. Cultures of the various lobe lesions were made immediately after death, often several cultures from a single lobe. In several instances the lungs were fixed in situ after ligature of the aorta in order to fill the pulmonary capillaries (Loosli's method (2)). A number of large sections were taken from each lobe, some of which were fixed in 5 per cent acetic Zenker solution and some in Zenker-formol for 10 hours and stained with Wallace's modification of the Gram-Weigert stain (3), and also with hematoxylin-eosinazure II. Some of the tissues were embedded in paraffin, others in gelatin.
EXPERIMENTAL
Clinical Course of the Disease.--The experimental disease ran much the same course in all six dogs except for duration. Three animals were sacrificed at the end of 4 days; two at 5 and one at 6 days respectively. The blood remained sterile, the number of circulating leucocytes was well sustained and spread of the pulmonary lesion was gradual. Temperature charts of two of the dogs, 9H, and 9S, are shown in Text-figs. 1 and 2. In three instances there was a drop in temperature preceding the appearance of the final metastatic lesion as shown in Fig. 1 . In the other three the febrile temperature persisted until death. Beginning clearing of the initial lesion as indicated by x-ray was detected at 72 hours after the inception of infection in one dog and at 96 hours in the other five.
As an example of the progressive changes in the x-ray appearance of the lesions, the series of films taken on dog 9H are reproduced in Figs. 1 to 4. This animal was infected on Mar. 12, 1934. At the end of 24 hours consolidation of the entire right lower lobe was present. By 48 hours the lesion had spread to involve the right middle lobe. At 72 hours a spread to the left mid-lung field (at autopsy found to be a small left middle lobe) was evident and there was a probable beginning clearing of the initial lesiom By 96 hours there was no doubt as to the occurrence of resolution in the right lower lobe and the metastatic lesion had extended to involve the upper part of the left lung field. The dog was sacrificed immediately after the last x-ray. A film made of the excised lungs showed another small area of consolidation at the tip of the right upper lobe which had not been detected in the x-ray of the lungs made just before death. In several other instances, the presence of small early lesions not suspected during life was discovered at autopsy. This suggests that the phenomenon of clearing and spread may be of more common occurrence than the x-ray findings would lead one to believe.
Findings at Autopsy.--A summary of the autopsy data is given in Table I . The most striking finding was the difference between the clearing and the early spreading lesions in respect to cellular composition and the content and distribution of pneumococci. The clearing (resolving) lesions were sterile and characterized by a well developed macrophage reaction, whereas the early lesions consisted of alternating areas of edema and polymorphonuclear infiltration containing usually many pneumococci both free and intracellular. This contrast is illustrated by the photomicrographs taken from the initial and the most recent lesions of dog 9H ( Figs. 1 and 2 ). The only pneumococci found in the clearing lesions were intracellular fragments. In two instances (dog 59S and 9S) marked differences within a single lobe lesion were observed. This was most strikingly apparent in dog 59S.
"r. The lower part of the metastatic lesion, right upper lobe, showed a well developed macrophage response with beginning clearing and disappearance of pneumococci while the upper part of the lobe was characterized by a diffuse early inflammatory process containing great numbers of extracellular pneumococci often present in masses. Dog 9S exhibited in general the same picture in the initial clearing lesion, but the macrophage reaction was distributed throughout the lesion in loci of varying size. The sterile culture obtained from the posterior part of the lobe probably represented aspirated exudate from such an area of macrophage mobilization.
The number of pneumococci observed in the inflammatory processes was roughly in inverse proportion to the development of the macrophage reaction. With one exception, dog 69L, lesions showing this cellular change in its pronounced form, were sterile in culture, and in this animal no intact pneumococci were observable microscopically.
However, the disappearance of pneumococci was not uniformly confined to those lesions exhibiting a macrophage reaction. In one instance a 48 hours old lesion (left middle lobe of dog-9H) characterized by a predominantly polymorphonuclear cellular exudate, yielded a sterile culture. Only a very few intracellular pneumococci were seen in the sections. In two other metastatic processes (dogs 100R and 69L) pneumococci were few and all intracellular in the areas of polymorphonuclear exudate. It will be noted in the table that all three of these lesions showed a beginning though slight focal macrophage reaction. 1
Humoral Immune Substances.--No evidence of acquired antipneumococcal humoral immunity was found in any of the five animals tested. The heated serum, secured just before death, failed to protect mice against as few as 10 pneumococci. In one dog, 59S, tests of the natural pneumococcidal-promoting activity of the blood serum were made daily throughout the course of the disease. Before infection the fresh serum of this animal mixed with normal dog leucocytes caused the destruction of approximately 10,000 pneumococci and continued to show this degree of activity until the time of death.
DISCUSSION
Evidence of local recovery of the pulmonary lesion is occasionally observed in clinical lobar pneumonia and has been designated in the literature as migrating pneumonia. We have studied several such cases, one of a particularly striking nature, in which practically complete resolution of the original right lower lobe lesion occurred during a spread to the upper lobe of the same side between the 5th and the 8th days of the febrile course (4). Another patient showed an initial consolidation of the lateral third of the left lower lobe which gradually spread medially to include the whole lobe. During the course of the extension the distal part of the lesion exhibited progressive clearing until on the 4th day the x-ray shadow was confined to the medial half of the lobe. Numerous other instances have been observed in which late in the course of the disease the x-ray showed clearing of the initial lesion and increasing density of a recently consolidated lobe.
, The degrees of macrophage reaction have been illustrated in a preceding paper (1).
These changes observed during the course of lobar pneumonia in the human being together with the not infrequent finding of whole lobes in a state of resolution at post mortem are essentially the same as those seen in the experimental canine disease and provide additional evidence for the similar nature of the two infectious processes.
Local recovery during the active stage of infection is by no means confined to pneumonia. Certain other infectious diseases exhibit this phenomenon much more frequently and in several conditions it constitutes one of the characteristic features of the disease. Among those most commonly observed are staphylococcus and streptococcus infections of the skin, notably erysipelas. Rheumatic fever in its typical form would fall into this category, and probably many of those infections in which so called complications due to the same etiological agent develop during or subsequent to the subsidence of the primary lesion. Healing and spreading lesions are not uncommonly observed in pulmonary tuberculosis. This list is not exhaustive. Unfortunately there are not many detailed data available on the nature of the immune reactions of the healing tissues in most of the above mentioned conditions. However, one of these, erysipelas, has been investigated extensively by Birkhaug (5), Gay (6) and others. The healing lesion in this condition is characterized by the mobilization of macrophages which as Gay and his coworkers (7) have shown are highly effective in the disposal of hemolytic streptococci, much more so than are the polymorphonuclear leucocytes.
The present study of what might be termed interrupted recovery ~ throws further light on the process by which the body terminates the pneumonic infection. It would seem likely that the mechanism which produces early recovery in a part of the lung is the same as that which finally brings the infection under control and ends the disease. There are no essential histological differences between the lung lesion at recovery and the lesions showing resolution before this time. The absence of detectable acquired humoral immune substances in the great majority of dogs at the time of recovery is another point of similarity. However, the question arises as to whether the very occurrence of a metastatic lesion at the time of healing of the original 2 Our observations on a large number of dogs with experimental lobar pneumonia indicate that all six of the dogs dealt with in this study would recover.
focus of infection does not indicate the absence of some factor which appears at recovery. While no direct answer to this question can be given there are certain experimental data beating on the subject. A study of recurrent attacks of pneumonia experimentally produced in the dog (8)showed that pneumonic lesions could be induced repeatedly with doses as small as those employed in the primary infection. In a more recent investigation it was found that the production of a high degree of general immunity both active and passive did not prevent the inception of a pneumonic lesion following experimental infection (9). These findings suggest that when a suitable inoculum of pneumococci is implanted in the terminal air spaces 3 even the highly pneumococcus-resistant body is nor capable of inhibiting the local multiplication of the microorganisms. However, the difference between such secondarily induced lesions and the initial ones is the brief duration of the former, which often became sterile within 24 hours or less. The late metastatic lesions occurring in the dogs reported in this investigation resemble those produced in immune animals as shown by the sterile cultures obtained from parts of the consolidated lobe in two instances. In several other dogs showing this phenomenon of simultaneous cleating and spread and which were not sacrificed, recovery occurred within a day or two after the appearance of the metastatic lesion. Another point of resemblance between these two types of lesions is the early appearance of the macrophage reaction. In the primary lesions of artificially immunized dogs as well as in the secondarily induced pneumonic processes of recovered animals a macrophage reaction occurred usually within 24 hours after the inception of the infection. Similarly four of the six 24 hour metastatic lesions shown in Table I exhibited a macrophage response in some part of the recently developed inflammatory process.
The findings discussed in the above paragraph suggest that the dog showing beginning resolution of the initial lesion has already acquired increased antipneumococcal resistance. Is such immunity principally local or general in character? On the basis of an extensive study of the macrophage reaction occurring in the pulmonary lesions 3 The method of producing experimental lobar pneumonia by the intrabronchial injection of pneumococci suspended in starch results in the filling of many alveoli by the inoculum.
of dogs sacrificed at varying stages of experimental pneumonia or dying spontaneously from the disease it was inferred that the mechanism of recovery is of dual nature, consisting of a general process which acts to localize the infection and prevent or control invasion of the blood stream and a local process by which the lungs are ultimately freed of the invading microorganisms (1). If both processes are active recovery results. If either one or the other fails, the infection terminates fatally. Concerning the nature of the general process our information is by no means complete. That it consists in part of the pneumococcidal activity of the blood is indicated by the persistence of this property in infected animals showing little or no bacteremia, and its usual disappearance when blood invasion becomes pronounced. 4 The absence of detectable acquired immune bodies in the dogs showing cleating and spread of the pneumonic lesion together with lack of any increase in the natural pneumococcus-killing power of the blood in the one dog of this series and in a number of other recovering animals tested daily throughout the course of the disease suggests the lack of any augmentation of this type of immunity at the time of recovery. Determination of the clearing power of the blood might throw light on this problem since it would provide evidence of the functional activity of the reticulo-endothelial cells of the body. However the interpretation of such tests would be difficult because of the great variability in the natural resistance of dogs to pneumococcus infection.
While the lack of any detectable changes in the general process of immunity does not exclude the occurrence of some unknown factor at the time of recovery it does accentuate the importance of the local cellular changes which are observed to be directly associated with the disappearance of pneumococci from the lesion. The early appearance of the macrophage reaction in the young metastatic lesions suggests an increased reactivity of the fixed tissue cells of the lungs to the pneumococcus. Whether this is principally local in nature or is a local manifestation of a more general altered cellular reaction is not clear. Former experiments on the reinfection of dogs recovered from an 4 Exceptions to this finding were discussed in the former communication (1) . attack of lobar pneumonia showed that a second infection produced in a part of the lung not previously affected, was characterized by an earlier macrophage response than was observed in primary lesions, although definitely less prompt than when the lesion was induced at the site of the preceding one. This would suggest some general effect on the lung cells. However, unreported experiments 6 on the injection of killed pneumococci into cantharides blisters produced in patients after recovery from lobar pneumonia revealed no more rapid accumulation of macrophages than occurred in normal individuals.
The subject of local immunity of the lung in experimental pneumococcus pneumonia will be dealt with in a subsequent communication. SITMMARY An investigation has been made of the process of local recovery occurring in the pulmonary lesions of dogs with experimental pneumococcus lobar pneumonia. Six animals showing simultaneous healing and spread of the pathological process in different parts of the lungs were sacrificed during the active stage of the disease for bacteriological and histological study. It was found that with few exceptions the clearing (resolving) lesions as revealed by x-ray during life were sterile on culture while the young, metastatic processes yielded an abundant growth of pneumococci. The resolving areas which represented the older lesions were characterized by the presence of a well developed macrophage reaction, whereas the early lesions consisted of alternating areas of edema and polymorphonuclear infiltration and contained usually many pneumococci both free and in the cells. The only pneumococci found in the areas of macrophage mobilization were intracellular forms, for the most part in the process of digestion. In several instances these striking differences in the cellular picture and the numbers and distribution of pneumococci were observed in different parts of a single lobe lesion. Tests on the blood serum failed to reveal any evidence of acquired antipneumococcal humoral immunity. The significance of these findings in relation to the mechanism of recovery is discussed. FIG. 6. Dog 9H. Section of the initial lesion in right lower lobe (sterile on culture) which shows a marked macrophage reaction with disappearance of pneumococci and beginning resolution. The alveoli are partially collapsed. The septa are much thickened due to the presence of large mononuclear cells in them. The exudate contains many macrophages, some of which are seen to be still attached to the alveolar walls. X 1000.
